Glycosylated haemoglobin (HbA I ) and glycosylated serum protein concentrations (fructosamine) were monitored in 162 normal pregnancies. The response to the standard 75 g oral glucose tolerance test (OGTI) was used to exclude gestational diabetes. A significant increase in glucose intolerance, measured from the area under the OGTI-curve (r=0'29, P<0·0005) and a highly significant decrease in serum albumin concentration (r= -0·79, P<0·OO(5) due to the redistribution of body water, as occurs during pregnancy, resulted in a statistically significant decrease in serum fructosamine concentration (r= -0·23, P<O·OI) when related to gestational age in weeks.
The concentration of glycosylated haemoglobin (HbA 1 ) is now considered as a useful parameter for the evaluation of long-term diabetes control. There is an acceptable correlation of the HbA I concentration with the degree of hyperglycaemia, i.e. the mean plasma glucose concentration, during a period of 4-12 weeks prior to testing. [1] [2] [3] Recently, an automated colorimetric method has been developed to measure the concentration of glycosylated serum proteins, predominantly albumin.":~The test is based on the non-enzymatic formation of fructosamine from glucose and proteins, which can be quantitated by nitroblue tetrazolium reduction. This enables us to detect and follow changes in the glucose concentration over a shorter period of time, because the half-life of most serum proteins is considerably shorter than the halflife of haemoglobin, c.q. erythrocytes. More over, glycosylation of serum proteins reflects an increase in the blood glucose concentration, whereas HbA I depends on the glucose concentration in the red blood cell.
The fructosamine test is more sensitive in the detection of minor glucose intolerance than the measurement of HbA!. Therefore, it is especially suitable for detecting glucose intolerance during pregnancy, where more subtle changes have to be registered than in type I or type II diabetes mellitus. Roberts et al," recently suggested fructosamine estimation as a simple inexpensive method for screening for glucose intolerance in pregnancy.
Since the introduction of methods to determine the HbA 1 concentration, several studies have been performed to examine the use of HbA I as a screening parameter for gestational diabetes. Very conflicting results have been published, however. Some authors mentioned an increase in HbA 1 during pregnancy," whereas others reported a decrease.i"!" These discrepancies are due mainly to the limited number of data in most of these small scale studies. II In the present investigation, fructosamine levels were monitored in normal pregnancy in a large population. The response to the standard 75 g dose oral glucose tolerance test (OGTI) was used to exclude gestational diabetes. Fructosamine concentrations were related to gestational age. Serum albumin and total protein concentrations, which have been measured to examine the influence of varying albumin or total protein concentrations on the fructosamine concentration, have also been related to gestational age. Moreover, HbA 1 concentrations were measured both by electrophoresis and column chromatography in order to compare the results with the rather conflicting results published on this subject.
Results
tAl bum in solutions were all made In aqua dcst. Intra-run precision varied from 0·5-1·5% and was estimated by analysing three control serum preparations with different concentrations 20 times each.
Inter-run precision varied from I· 7-3'8% and was estimated by analysing the control samples each day for 10 days. Obtained results are in accordance with results in the literature. 12 
. 1J
LINEARITY OF THE ASSAY Linearity of the assay was checked by diluting several samples in saline as was suggested by Baker et al. 5 This resulted, however, in an overestimation of fructosarnine concentration, which can be explained by the fact that formazan, the reduced form of nitro blue tetrazoliurn , has different absorbance characteristics in the presence of varying albumin concentrations." We therefore diluted 15 blood samples in different dilution media. From Table 1 it can be concluded that fructosamine can only be diluted in pooled serum, and not in saline, aqua dest For the determination of HbA\, 5 mL blood was collected in tubes containing K1H.EDTA and both the haemoglobin Al column test (Biorad product no. 1917(Xll), intra-run precision 2--4%, inter-run precision 5-6')10, and the electrophoretic HbA I test (Corning product no. 47(055), intra-run precision 4-7'Yo and inter-run precision 6-8%, were used.
Patients and methods

PATIENTS
All pregnant women who attended the obstetric department of the De Wever Hospital in Heerlen for control and on suspicion of gestational diabetes had an OGTT to confirm or reject the diagnosis. From these patients blood samples were collected to estimate fructosamine, albumin, total protein, haemoglobin and glycosylated haemoglobin concentrations. These results were compared with those obtained from the OGTT and with gestational age.
ORAL GLUCOSE TOLERANCE TEST (OGTT)
Standard OGTTs (75 g) were performed after an overnight fast. Glucose was measured in a fa~ting blood sample and in five samples ob tamed 30, 60, 90, 120 and 180 min after the oral intake of glucose. An OGTT curve was drawn. R~sul.ts were interpreted using the following cntena:
Normal curve. Glucose values should not exceed 5·5 mmol/L for the fasting sample and 9·0,9'0, 7,5, 6·5 and 5·5 mmol/L respectively at 30, 60, 90, 120 and 180 min after oral glucose intake.
The area under the OGTT-curve. This was computed with the Simpson method.
Blood for glucose measurement was collected by venepuncture into tubes containing fluoride and oxalate. Immediately after centrifugation at 3000 rpm for 5 min, all serum samples were analysed on a Centrifichem System 400® centrifugal analyser using the Gluco-quant'P glucose test-combination from Boehringer (Mannheim, W. Germany) (product no. 245178) based on the hexokinase/glucose-6-phosphate dehydrogenase reaction.
Blood for fructosamine, HbA 1 and albumin determinations was taken at the same time as the fasting blood glucose samples. Serum for fructosamine, serum albumin and total protein determinations was stored at -20°C until determination. The fructosamine assay (Roche Diagnostics, product no. 0711217) was performed according to the method of Johnson, Metcalf and Baker. 4 Serum samples were analysed on a Cobas Bio centrifugal fast analyser with instrument setting as described by Roche.
Serum albumin was analysed on a Cobas Bio centrifugal fast analyser, using Bromocresol green (Electro-Nucleonics, Fairfield, USA) as a reagent.
Total protein was analysed using the biuret method (Roche Diagnostics, product no. 0710083). or albumin containing solutions. A correction must be made for the fructosamine concentration in the dilution medium. Dilution of fructosamine in a solution containing lower protein concentrations compared with normal serum results in an overestimation of the fructosamine concentration. The effect is caused by a differ ent influence of the matrix on the fructosamine concentration." REFERENCE RANGES RELATED TO GESTATIONAL AGE For 162 pregnant women, having a normal response to 75 g glucose, serum albumin, total serum protein, haemoglobin, fasting glucose, fructosamine, HhA, and area under the OGTT curve, were related to gestational age. The results are summarised in Table 2 and in Fig. 1 .
A mean decrease of 10 g/L (24%) in the serum albumin concentration was observed during pregnancy (x equals 36 weeks). Total serum protein also shows a significant decrease of 10 g/L (14%) during pregnancy, and the mean haemoglobin concentration decreased by 1 mmol/L (12%).
A significant decrease is also observed for the 
fasting glucose, 0·55 mmol/L (110/.,), and for the fructosamine concentration, 0·13 mmol/L (6%), probably because of a shift of glucose to the fetus. For the chromatographic HbA) values a significant decrease is observed during pregnancy, 0·57 (8·3%). For the electrophoretic method no significant decrease could be detected. because of the larger assay variation. Glucose tolerance decreases during pregnancy. as can be concluded from the increase in the area under the OGIT curve (20%).
The observed decrease in glucose tolerance during pregnancy should cause increase of fructosamine concentrations during pregnancy, whereas a significant decrease is observed. However. there is a considerable decrease in plasma albumin concentration during preg nancy and the formation of fructosamine is dependent on both glucose and albumin. Thus, finally. the decrease in fructosamine concentration due to the decrease in albumin concentration is larger than the increase in fructosamine due to the increase in glucose intolerance during pregnancy. From Fig. 2 it can be concluded that serum fructosamine concentrations increase with increasing albumin concentration (r=0'28; P<0·OOO5;y=0·0115x+ 1,631). than for the chromatographic method. In the present study. better results were obtained with the chromatographic method. A slight but significant decrease in HbA) values during pregnancy was observed using the chromato graphic method as is in accordance with other studies.' No decrease in HbA 1 values could be detected with the electrophoretic method. This might be due to the larger assay variations for this type of analysis. 1·6 L_,~----r---"---FRUCTOSAMINE A number of methods have been described for assaying glycosylated serum proteins.": [15] [16] [17] Nelson et al. 16 used affinity chromatography and observed no relation between the percentage glycosylated serum protein and gestational age. However, measurement of glycosylated serum protein started from the 18th week of gestation. Assay variation of this method was 10-12 u /., and results were based on data from only 30 patients, making it impossible to detect the subtle changes occurring in the development of gestational diabetes.
Discussion
John and Jones" recently reported assay variations of 2·8-4·4'Yo for an affinity chromatographic determination of glycosylated serum albumin, combined with rocket electrophoresis. The method i's accurate, but much too laborious to be used for screening on gestational diabetes. Lim and Staley'" used the colorimetric fructosamine assay and observed that the fructosamine concentration is slightly lower in antenatal patients, compared with non-pregnant controls. However, the differences were not statistically significant.
The apparently minor changes in the aforementioned biochemical parameters during pregnancy can be expressed in a more pronounced way, when the parameter values are related to the gestational age. The latter should be given in weeks rather than trimesters in order to obtain the desired sensitivity.
It can thus be demonstrated that the fructosamine concentration in serum is influenced not only by the increasing glucose intolerance associated with gestational age, but even more by the decreasing plasma albumin content. It is a well known fact that the latter is due to redistribution of body water during pregnancy. The mechanism of the reaction of formation of fructosamine and the influence of decreasing albumin concentrations, and increasing glucose intolerance, is still far from elucidated.
Comparison of changing Hb A, values during pregnancy with changes in fructosamine concentration showed that the latter parameter is more consistent and more sensitive for the registration of glucose intolerance. Moreover, the fructosarnine assay is easier to perform and more precise than other procedures for the determination of glycosylated proteins. The method can easily be automated with high precision and the reagents are inexpensive.
Another advantage of the fructosamine parameter is the reference period of 2--4 weeks, so that the detection of systematic elevated serum glucose values is easier and more sensitive than with a reference period of 4-12 weeks as with HbA l parameters.
Assessment of carbohydrate intolerance is an essential element of prenatal evaluation, because regulation of glucose levels improves perinatal outcome. However, gestational dia betes is not as easy to detect as a type I or type II diabetes mellitus and more sensitive parameters are required.
The fructosamine concentration in serum might well become a suitable parameter to be used in the detection and regulation of gestational diabetes. In order to establish the nonpathological pattern of this laboratory test, we carefully investigated fructosamine values during normal pregnancy.
